The total phenolics, antioxidant activities, anthocyanins, vitamine E, and tert-butylhydroxytoluene (BHT) of different cultivars of grape seed extracts (GSE) grown in Jordan were evaluated. In addition, antioxidant activities of GSE were investigated using olive oil substrate by oxidative stability instrument (OSI). Results of chemical composition showed that Baladi black and Asbani black had the highest amount of fat content 14.52 and 14.22 g /100 g seed, respectively, followed by Baladi green (13.28 g /100 g seed), Ajloni green (12.24 g/100 g seed), and Khudari green (10.92 g/100 g seed), respectively. The total phenolics and anthocyanins of GSE ranged from 4.66 to 5.12 g/100 g extracts and 0.14 to 0.68 g/100 g extracts, respectively. Antioxidant activities of GSE ranged from 66.4 to 81.40%, while vitamin E and BHT were 90.34 and 94.70%, respectively. Antioxidant activity of the extracts using OSI ranged from 3.10 to 41.13 h induction time, while vitamin E and BHT had 16.33 and 17.20 h, respectively. GSE had high amounts of antioxidants and can be used to retard lipid oxidation in a variety of food products.
INTRODUCTION
Phenolic compounds are a large, heterogeneous group of secondary plant metabolites that are widespread in the plant kingdom. They have an important role as defense compounds. [1] In addition to their role in plants, phenolics exhibit several properties beneficial to humans. Several plant-derived medicines, which can prevent or cure diseases, are rich in phenolic compounds. [2] Phenolic compounds can be classified into the following subgroups: phenolic acids, flavonoids, isoflavonoids, lignans, stilbenes, and complex phenolic polymers. [3] In biological systems, an antioxidant can be defined as any substance that significantly delays or prevents oxidation of substrate such as food products. [4] The antioxidant activity may vary widely depending on the environment of the lipid substrate. Synthetic antioxidants such as tert-butylhydroxytoluene (BHT), tert-butylhydroxyanisol (BHA), and tert-butylhydroquinone (TBHQ) have been widely used to retard lipid oxidation in foods. [5] TBHQ and BHT are functioned as oxygen scavengers in fat-containing foods to prevent lipid oxidation. [6] However, such synthetic antioxidants are not preferred due to toxicological concerns. For this reason, there have been increasing interests in identifying plant extracts to minimize or retard lipid oxidation in lipid-based food products. [7] Most of these natural antioxidants come from fruits, vegetables, spices, grains, and herbs. [8] Vitamin E and synthetic antioxidants function as oxygen scavengers in fat-containing foods to prevent lipid oxidation. [6] Grape seed extracts and other plants such as rosemary, ginkgo, mengkudu, lettuce contains phenolics compounds and antioxidant activities in different amounts. [9, 10, 11, 12] Rababah et al. [13] reported that grape seed extracts had the highest amount of antioxidant activities within different types of plant extracts.
Anthocyanins, water-soluble pigments, responsible for the color in grapes, have demonstrated a wide range of health benefits. [14, 15] In fact, due to their high levels of anthocyanins grape skins and seeds have higher antioxidant capacity than other fruit parts. [16] Grapes (Vitis vinifera) are widely planted in Jordan. The five most common cultivars of grape in northern Jordan are: Baladi black, Asbani, Baladi green, Ajloni, and Khudari. Phenolic compounds, antioxidant activity, and anthocyanins of grape seeds grown in north of Jordan have never been investigated.
Information on the total phenolics and antioxidant activities of plant seed extracts could be used as criteria to retard or prevent lipid oxidation in a variety of food products. In addition, knowledge of the phenolic content of fruits may be useful in exploring nutraceuticals or functional foods. The objective of this study was to evaluate different grape seed varieties grown in northern Jordan for total phenolics and antioxidant activities.
MATERIALS AND METHODS

Materials
Five local cultivars of grape seeds, (Vitis vinifera) including (Baladi black, Asbani, Baladi green, Ajloni, and Khudari), were collected from northern Jordan. The grapes were harvested at maturity level of pH (3.3-3.4), titratable acidity (67-70%) and Brix (21) (22) (23) . Grapes were then stored in cool temperature at 4°C. In the next day, the seeds were taken and the extracts were prepared. BHT was purchased from local company (Tubrug Company, Amman, Jordan).
Proximate Analysis
Proximate analysis of grape seeds (protein, fat, ash, and moisture) was carried out according to procedures outlined by AOAC. [17] 
Grape Seed Extracts Preparation
Grape seed extracts were prepared by an established procedure in the laboratory. Grape seeds were ground in a mill (Braun Aromatic KSM2, Braun Canada Div., Gillette Canada Company, Mexico) and passed through mesh 60. The ground seeds were defatted in hexane (1:3) with agitation for 30 min, and filtered under vacuum. The residue was defatted again using the same procedure. Defatted residue was air dried overnight under a fume hood to remove residual hexane. The defatted residues were extracted with methanol (1:3) with stirring for 30 min and filtered under vacuum. The filtrate was concentrated in a Rotovapor (Buchi 011, Buchi, Switzerland) and dried under a fume hood overnight. The dried grape seed extracts were stored at 4°C until use.
Determination of Total Phenolics
Five different types of grape seed extracts were used for determination of total phenolics by the Folin-Ciocalteu method. [18] Fifty milligrams of each extract were weighed into 50 ml plastic extraction tubes and vortexed with 25 ml of the extraction solvent (Methanol). Then, the sample with the extraction solvent were heated at 50°C (water bath) for 1 h, allowed to cool to room temperature, and homogenized for 30 sec with sonicator at setting 6 (Virtishear Tempest, The Virtis Co., Gardiner, N. Y., U.S.A.). The homogenized sample was filtered through Micracloth into a screw-capped test tube.
Filtrates from each extract (200 ml, three replicates) were introduced into screw-cap test tubes; 1.0 mL of Folin-Ciocalteu's reagent and 1.0 mL of sodium carbonate (7.5%) were added. The tubes were vortexed and allowed to stand for 2 h. Absorption at 726 nm was measured (Perkin-Elmer λ15 UV-vis spectrophotometer, Norwalk, CT). The total phenolic content was expressed as chlorogenic acid equivalents (CAE) in gram per 100 g of seed extracts. Total Phenolics Concentration in g/100 g seed extracts = (A/b)*[{(SW + 25)/SW}/10]. Where A = absorbance at 726 nm; SW = sample weight (g); b = slope of the standard curve of chlorogenic acid.
Antioxidant Activity Determination-Methyl Linoleate
Antioxidant testing was carried out by oxidizing linoleic acid methyl ester (MeLo) in the presence of antioxidants as described by Heinonen et al. [19] Ten milligrams of each extract was dissolved in 50 mL methanol. After that, 0.5 mL from each methanolic extract was added to MeLo (0.2 g), and methanol was evaporated under nitrogen. Sample aliquots (10 mg) were taken at zero time and after 72 h at 40°C in the dark and dissolved in 5 mL of 2,2,4-trimethylpentane (isooctane), and the conjugated diene absorption at 234 nm was measured using a spectrophotometer (Perkin-Elmer λ15 UV-vis spectrophotometer, Norwalk, CT). The antioxidant activity was expressed as percentage (%) inhibition of formation of MeLo-conjugated diene hydroperoxides after 72 h of oxidation compared with blank from MeLo. Percentage inhibition of linoleic acid oxidation was calculated as follows:
where A: Absorbance; E: Extract; B: Blank.
Determination of Total Anthocyanins
Total anthocyanin content was estimated using the pH differential assay of Giusti and Wrolstad. [20] Absorbance was measured in a Hewlett Packard 8452A photodiode
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array spectrophotometer (Palo Alto, CA, USA) at 520 and 700 nm in buffers at pH 1.0 and 4.5, using absorbance (A) = (A520 − A700) pH1.0 − (A520 − A700) pH4.5 , with a molar extinction coefficient of cyanidin-3-glucoside (c 3 g) of 29 600. Results were expressed as g/100 g extracts (c 3 g equivalents).
Free Polyphenols Olive Oil Preparation
In order to remove phenolic compounds from the extra virgin olive oil, ten grams of olive oil were dissolved with 50 ml hexane and extracted three times with 20 ml of methanol/water (60:40, v/v) solution, and to remove oxidation products and free fatty acid, the hexane layer was then passed through silica gel column (2 × 25 cm packed with 20 g silica) preconditioned with hexane. The hexane was evaporated using evaporator under a flow of nitrogen at 35°C. [21] Antioxidant Activities of Grape Seed Extracts Using OSI Oxidative stability of the grape seed extracts at three levels 200, 1500, and 3000 ppm, vitamin E (200 ppm), BHT (200 ppm), and the control (Free polyphenols olive oil) was evaluated using an oxidative stability instrument (OSI, Metrohom model 743, Herisau, Switzerland). Triplicate samples were homogenized for 3 min with olive oil using Hamilton Beach Scovel homogenizer (NSF, USA), and transferred into the OSI tubes. Sample tubes were held in a thermostatic block in the OSI at 110°C, and a stream of air at 210 g/cm 2 was bubbled through the sample. The air pressure was allowed to equilibrate at 176 g/cm 2 . The volatiles released from the sample passed through rubber tubing into a tube containing deionized water and a conductivity probe. A water trap was placed between sample tube and conductivity tube to facilitate condensation of water from the sample and aid free flow of volatiles into the conductivity tube. The probe measured the change in conductivity of deionized water due to collected volatiles. The induction period was the time, in hours, before detectable levels of volatile organic acids were trapped in the deionized water. The software analyzed the data and generated induction period as the OSI number. A longer induction period indicated a better oxidative stability of the sample.
Statistical Analysis
Data are presented as means of three determinations and analyzed using the general linear model procedure with SAS Version 8.2 software package (SAS Institute 2002). LSD analysis was used to compare means. Significant differences were defined at p < 0.05.
RESULTS AND DISCUSSION
Chemical Analysis
The chemical composition of five cultivars of grape seeds is shown in Table 1 . It can be observed that moisture content, ash, and protein ranged from 9.08 to 9.72 g/ 100 g seed, 3.19 to 3.38 g/100 g seed, and 10.96 to 11.98 g/100 g seed, respectively, and no significant differences (P < 0.05) among grape seed samples were observed. With regard to fat content, the results in Table 1 showed that Baladi black and Asbani black had the highest amount of fat 14.52 and 14.22 g/100 g seed, respectively followed by Baladi green (13.28 g/100 g seed), Ajloni green (12.24 g/100 g seed), and Khudari green (10.92 g/100 g seed), respectively. These results agreed with the other researchers and were within their founding. [22, 23, 24, 25] Kamel et al. [23] reported that the crude protein, fat, and ash content of grape seeds were 8.2, 14.0, and 3.6%, respectively.
Amount of Total Phenolics, Antioxidant Activity, and Anthocyanins
The amounts of total phenolics of five cultivars of grape seed extracts ranged from 4.66 to 5.12 g of CAE/100g extracts (Table 2) , and no significant differences (P < 0.05) among the samples were observed. Antioxidant activities of grape seed extracts in Linoleic acid Methyl ester (MeLo) are also given in Table 2 . Antioxidant activities of grape seed extracts ranged from 66.41% to 81.40%, while of vitamin E and BHT were 90.34 and 94.70%, respectively. Vitamin E and BHT had the highest amounts of antioxidant activities and significantly differed among the grape seed extract cultivars at P < 0.05. Baladi black (81.40%) was found to have higher amounts of antioxidant activities (P < 0.05) than the other cultivars except for Asbani black (77.99%). The results in Table 2 showed also that Asbani black had higher amounts of antioxidants activities (P < 0.05) than the other cultivars except of Baladi green (76.29%) and Baladi black. Mean ± SD of three determinations and the values are computed on dry weight basis.
*Column values with the same letters (a-e) were not significantly different (P < 0.05).
Ajloni green and Khudari green (Table 2 ) contained the least amounts of antioxidant activities (P < 0.05) which were 71.11% and 66.41%, respectively. These differences in antioxidant activities of samples could be due to different structures of grape seed extracts, especially phenolic compounds and fat contents (Table 1) . These findings agreed with Kahkonen et al. [26] Peng et al., [9] and Shahidi and Marian, [27] who reported that differences in antioxidant activities of plant extracts could be due to different structures of plant extracts.
The amounts of anthocyanins in the five cultivars of grape seed extracts ranged from 0.14 to 0.68 g /100g extracts, dry material (Table 2) . Baladi black had the highest amounts of anthocyanins (0.68 g /100 g extracts), followed by Asbani black (0.57 g /100 g extracts). The results in Table 2 showed also that no significant differences between Baladi green (0.15 g /100 g extracts), Ajloni green (0.14 g /100 g extracts), and Khudari green (0.14 g /100 g extracts) at P < 0.05. These variations among cultivars could be due to differences in the amounts of anthocyanins in skin and juice of these cultivars which comes in contact with the seeds. [28] Antioxidant Activities of Grape Seed Extracts Using OSI Antioxidant activities of grape seed extracts at different levels, vitamin E, and BHT using olive oil substrate by OSI are shown in Table 3 . The results (Table 3) showed that induction times of grape seed extracts ranged from 3.10 to 41.13 h. Induction times of grape seed extracts at 200 ppm level of lipid oxidation were much lower than vitamin E and BHT (16.33 and 17.20 h, respectively) that ranged from 3.10 to 6.94 h (Table 3 ), but higher than that of the control (1.40 h). Induction times of grape seed extracts at level (3000 ppm) were the highest, followed by values at 1500 and 200 ppm, respectively. The results in Table 3 showed that the induction times of grape seed extracts at level (3000 ppm) were higher (P < 0.05) than vitamin E and BHT and ranged from 24.99 to 41.13 h. The results also showed that the induction times of Baladi black, Asbani black and Baladi green at level (1500) were higher (P < 0.05) than vitamin E and BHT and ranged from 18.65 to 22.37 h, while no significant difference with Ajloni green (16.59) was found. Khudari green at level (1500) had induction times (13.95 h) and was lower (P < 0.05) than vitamin E and BHT. It can be concluded that methyl linoleate (MeLo) and oxidative stability instrument (OSI) systems can be used effectively to determine antioxidant activities in model and food systems such as olive oil.
CONCLUSION
The fat contents differed among grape seed cultivars while no significant different was observed in other constituents. Antioxidant activities and anthocyanins differed among some grape seed extract cultivars where as total phenolic contents showed no significant differences. Baladi black and Asbani black had the highest antioxidant activities. Baladi black had the highest amount of anthocyanins followed by Asbani black and the other cultivars. OSI results agreed with MeLo for different grape seed extracts. OSI and MeLo systems can be used effectively to determine antioxidant activities in model and food systems. Grape seed extract cultivars showed potentials to retard lipid oxidation in a variety of food products.
